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(57)Abstract: 

PURPOSE: To enhance the recovery of filtering capacity due to air 
scrubbing to a large extent and to also enhance maintenance 
properties, in a hollow fiber membrane element wherein an air 
introducing pipe is formed at the central part of hollow fiber 
membrane bundles, by forming introduced air jet orifices from the 
outside of the element to the lower part below the half of the total 
length of the element of the pipe. 

CONSTITUTION: In a hollow fiber membrane filter element 2 
composed of an external pressure system passing raw water 
through hollow fiber membrane bundles 21 from the outside of 
hollow fiber membranes to the inside thereof to filter the same to 
take out transmitted water from the single ends of the hollow fiber 
membrane bundles 2 and having an air introducing pipe formed at 
the central part of the hollow fiber membrane bundles 21 thereof, 
introduced air jet orifices 25 from the outside of the element are 
formed to the lower part below the half of the total length of the 
element of the pipe. As a result, in the hollow fiber membrane 
filter element filtering a liquid containing fine particles or a 
suspended substance and a module, the recovery of filtering 
capacity due to air scrubbing is enhanced to a large extent. Especially, the effect at a time when air jet 
orifices are arranged in the hollow fiber membrane bundles by an air dispersing pipe or plate is large. 
Maintenance properties are also enhanced. 
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Toray Industries Inc. Shiga Works (DB 70-452-5856) 
(72) [Inventor] 

[Name] Yamamura Hiroyuki 
(57) [Abstract] 

[Objective] Filter performance recovery with air scrubbing in I 
ollow fiber filtration membrane element which filters 
liquidwhich includes microparricle and suspended matter, 
improves greatly, hollow fiber filtration membrane elementand 
module where at same time also maintenance property 
improves areofferecL 

[Constitution] Raw water being 3 system which removes extern; 
1 pressure type and passed water whichfrom outside of hollow 
fiber membrane bundle are filtered in hollow fiber inside from 
one end>it is a hollow fiber membrane element which has 
possessed air inlet pipe in center of said hollow fiber membram 
bundle,at same time it designates that it has introduction air 
spraying port firomthe element outside in downward direction as 
feature from 1/2 of element total length thehollow fiber 
filtration membrane element 



(Claim(s)] 
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[Claim 1] Raw water being a system which removes external pr- 
ssure type and passed water whichfrom outside of hollow fiber 
membrane bundle are filtered in hollow fiber inside from one en 
it is a hollow fiber membrane element which has possessed air 
inlet pipe in center of said hollow fiber membrane bundle,at 
same time from 1/2 of element total length hollow fiber 
filtration membrane element whichdesignates that it has 
introduction air spraying port from element outside in 
thedownward direction as feature. 

[Claim 2] Air spraying port, hollow fiber filtration membrane el 
ement which is stated in Claim 1 which designatesthat it is a 
hole which is provided in pipe lower surface for airintroduction 
as feature. 

[Claim 3] Air spraying port, hollow fiber filtration membrane el 
ement which is stated in Claim 1 which designatesthat it is 
provided on 3ir dispersion plate which on air inlet pipe and 
substance isconnected vertically or on air dispersion tube as 
feature. 

[Claim 4) Air spraying means is provided for bottom endplate, I 
ollow fiber filtration membrane element which is $tated in 
theClaim 1 which designates that said air spraying means is 
connected to airtight to theair inlet pipe as feature. 

[Claim 5] Element which is stated in Claim 1 , raw water mouti 
and airblowmgmouth, drain, passed water mouth, through 
sealing material to module containerwhich has air inlet, hollow 
fiber filtration membrane module which designates that it is 
installedin said container as feature. 

[Claim 6] HoJJow fiber filtration membrane module which is St 
ted in Claim 5 which designates that air spraying portis provide< 
in module container bottom, at time of air scrubbing washing 
from bothof element and module container bottom jet is 
possible scrubbing air as feature. 
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[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention regards hollow f 
iber filtration membrane element and module in order to do 
filtering operation ofthe liquid. 

[0002] 

(Prior Art) When, many SS component , fine particle , rubbish 
bacteria , algae and the etc are included in general industrial 
water, are used this way,the plugging of service water pipe, it i« 
easy to become causewhich causes scale accumulation or other 
trouble in midst of multiply ingand line of bacteria. Until 
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recently, in order to remove these underwater mixture 
component, the sand filtration , cohesion filtration, 
coalescence and precipitation and cartridge filtration or other 
various method itwas used according to application. Recently 
filtration with hollow fiber membrane of porous is being 
utilizedas novel technique which changes to these general 
filtration method, water treatment and filtration with hollow 
fiber membrane spread recently quickly.also application field is 
becoming wide yearly. 

[0003] At time of filtering hollow fiber membrane, hollow fibej 
membrane after bundling some thousands tono 0,000 book in 
one bundle, is processed, in hollow fiber membrane element of 
shapewhich locks end with adhesive. And, these element are 
stored to module container, those which are processed inthe 
product form hollow fiber filtration membrane module or arc 
called module simply. As hollow fiber filtration membrane 
module whose filtration of liquid is possible those of themany 
form are proposed from until recently. Especially, as those of 
initial stage, filtration module and reverse osmosis 
filtrationwhich are used combining with disposal means before 
suitable aredesignated a? objective, 7 ones. There are some etc 
which designate dialysis application as objective, manymodule 
form are proposed when with these application as main 
objective, list mainones, there are some which are stated in 
Japan Examined Patent Publication Sho 48 - 28380 disclosure , 
Japan Unexamined Patent Publication Showa 49 - 69550 
disclosure , the Japan Unexamined Patent Publication Showa 53 
100176 disclosure and etc As for these, it was normal to 
execute washing and flushing treatmentby clarification water or 
reagent solution water all , disposable orthc soiling constant 
amount or more in step which deposits. 

[0004) Vis-a-vis this, recently, device is elaborated in hollow fi 
er filtration membrane module shape, theperiodically flaking 
doing deposit of hollow fiber membrane aspect with air , 
methodwhich executes performance recovery of hollow fiber 
membrane is tried. It is something where Japan Unexamined 
Patent Publication Showa 61 - 263605 disclosure, it installs 
hollow fiber membrane in U-shape, stores up in container and 
uses, introducing air from air inletwhich is provided in bottom 
of periodically container, hollow fiber membrane vibrating 
dueto air scrubbing , it is something which tries removal of 
deposit offche film surface. In addition, Japan Unexamined 
Patent Publication Showa 60 - 20641 5 disclosure is both ends 
immobile mold module which arranges hollow fiber membrane 
thearound center pipe, it is something which description above 
it installsiu container in same way, removes deposit of hollow 
fiber membrane aspectwith air scrubbing . As for these 
technology, examination of utilization is started already. 

[0005] In addition, with Japan Unexamined Patent Publication 
Showa 48 - 34763 disclosure exfoliating microparticle which 
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with compressed airdeposits in membrane, nextalso method 
which reverse washing is done isshown with filtrate or other 
liquid. 

[0006] 

[Problems to be Solved by the Invention] In water treatment du 
e to hollow fiber filtration membrane module, deposit of hoUov 
fiber membrane surface is removed withthe air scrubbing and 
reverse washing fact that almost to be good method, beable to 
recover in state before filtering with this kind of method by 
removing (Washing) deposit of membrane surface, also filter 
performance almost recover$,the lifetime of hollow fiber 
filtration membrane module extends and it is a economical. Buf 
with conventional air scrubbing, when air fonn which jet is 
doneat majority, with this method diameter of especially hollow 
fiber bundlebecomes large from only module container bottom, 
gas bubble did not enter to theinside of hollow fiber bundle, 
deposit of surface layer vicinity of hollow fiber bundle is 
removed hadbeen restricted, air as example which jet is done 
from other than themodule container bottom like Japan 
Unexamined Utility Model Publication 3 - 15627 7 also method 
which uses hole opening pneumatic transport tube whichthe 
multiple holes opened over total length is devised But, total 
length of especially module becomes long, when differ enceof 
water pressure of module upper part and bottom is large in, alsc 
problemthat occurred air from hole of upper part of hole 
opening pneumatic transport tube,in portion where air of 
module upper part is accumulated jerjust does cannot generate 
important gas bubble for most part in washing. In addition, 
deposit which washed was easy to accumulate air spraying port, 
vicuiitywhich to module vessel bottom part is, also problem 
which it becomes impossible fonhe air spraying port to wash 
plugging and hollow fiber membrane in fully, was easy tooccu 
Because of that, be able to wash hollow fiber membrane bundle 
entirety of element in fuUy,the module whose it is few at same 
time for air spraying port to bepluggcd, was sought. 

[0007] 

[Means to Solve the ProblemsJ Objective of this invention, raw 
water being a system which removes theexternai pressure type 
and passed water which from outside of hollow fiber membrane 
bundle are filtered inthe hollow fiber inside from one end, is 
hollow fiber membrane element which has possessed air inlet 
pipein center of said hollow fiber membrane bundle, it is 
achieved to basic at sametime by hollow fiber filtration 
membrane element which designates that it has introduction air 
spraying portfrom element outside in downward direction as 
feature from 1/2 of clement total length. 

[0008] With hollow fiber filtration membrane clement and mod 
ule of this invention, because air spraying port for theair 
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■ scrubbing which is a one of physical washing of hollow fiber 
filtration membrane element is provided inthe yarn bundle, it is 
possible to inside of yam bundle by comparison withthe air 
scrubbing from conventional element bottom to sway 
membrane efficiently^ filter performance recoverywitb air 
scrubbing has improved greatly. In addition, because air 
spraying port periodically it is provided in elementwhich is 
exchanged, correspondence to plugging etc of air spraying 
portperiodic exchange of element is sufficient in basic, 
contributesto maintenance property improvement of 
membrane treatment equipment 

[0009] Below, details of based on the drawing this invention ar» 
explained, but this invention is notsomething which especially 
is limited by these drawing . 

[0010] As for Figure 1 it is a one example of module where ele 
ment of thethis invention which is a hole which was bored 
through bottom endplate vicinity of air inlet prpewhere it can 
provide air spraying port in center is installed in module 
container,also air spraying port of module container bottom 
which is stated in Claim 5 is providedin module container 
bottom . As for module container 1, cap being removeable, it 
is designed in such away that it can make element exchange 
easy, element through sealing materials installed in container 
In addition* in module container waste water port 12 and air 
blowing oral 13 whichdischarge liquid inside raw water supply 
port 1 1 and module container which supply theraw water, , 
passed water oral 1 4, air inlet 1 5 which is connected with theair 
inlet pipe of element, in addition, module container bottom air ; 
inlet 16 which is used when theair scrubbing from module j 
container bottom is jointly used is installed. In addition, hollow i 
fiber membrane element 2 is stored to module container . j 

[001 1] Hollow fiber membrane element one end or both ends oi J 
hollow fiber bundle 2 1 is locked by adhesive . Figure 1 is 
example of hollow fiber membrane element which locks both 
ends, but there isa bottom endplate 22 and a upper end sheet 
23, hollow fiber pore has done with endplate ofthe one side, is 
designed in such a way that it can remove passed water. With 
example of Figure 1 hollow fiber pore has done with upper end 
sheet In addition, upper end sheet and bottom endplate are 
connected with air roadnecessary pipe 24, air road necessary 
pipe is connected to theair inlet and airtight of module 
container. 

[0012] With example of Figure 1 it is an example where hole w 
hich wasbored through bottom of air inlet pipe 24 becomes air 
spraying port 25, but air spraying portis good in place of hole ! 
of example of Figure 1 even with theslit 

(0013] In addition, like Figure 2 and Figure 3 it is good to air 
ispersion tubewhich diverges from air inlet pipe being provided. 
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air dispersion tube is connected on air inlet pipe and substance 
vertically, but inthe range which does not obstruct effect of this 
invention it is goodhaving slipped from some verticaJity. In 
addition, as for position where it is connected, downward 
direction ismore desirable than 1/4 of element total length. 

[0014] Number and length of air dispersion tube are not someth 
ing whichespecially is limited, number, 2 or more and more 
preferably 3 or more , furthermore is above preferably 4. Or, 
when hollow fiber membrane has divided into several membrax 
bundles, thequantity and same number of hollow fiber 
membrane bundle whether, or it is desirable to be theinteger 
multiple. Concerning length, it is a 1/ 2 or more of preferably 
and element radius. Because air spraying port, being 
approximately 1/2 of element radius isdesirable. 

(0015J Or, like Figure 4 and Figure 5 it is good to bottom end 
plate inside beingprovided and, like Figure 6 and Figure 7 it is 
possible to air dispersing platewhich is installed in air inlet pipe 
to be provided, air dispersing plate referred to here, as for 
external shape, it is similar to theintegral bundle sheet which 
bundles hollow fiber membrane bundle, but we have 
possessedthc air spraying port in surface, from here, air which 
continuity is doneis something which becomes structure which 
jet is done from the air inlet pipe. 

[001 6] Those form are not something which especially is limite 
d with theseexamples. In addition, in figure of Figure 2 , Figur 
3, Figure4 and the Figure 5 as for air spraying port there is a 
position of portion which does nothave hollow fiber between 
hollow fiber membrane bundle, but either providing air spraying 
port inthe inside vicinity of hollow fiber membrane bundle doei 
not become inconvenient 

[0017] As for Figure 8 with example which has air inlet in modi 
le container bottom,the air inlet pipe is connected to airtight 
to air inlet with module container bottom. Other things are 
similar to example of Figure 1. 

[0018] Figure 9 is example which applies this invention to ejera 
ent of theone end removal which installs hollow fiber membran< 
in U-shape. 

[0019] Hollow fiber filtration membrane element which is used 
here filters raw water with micropore which isopened 
countlessly in surface of hollow fiber membrane, just . 
clanficationwater where SS component and microparticle , 
rubbish and bacteria etc areexcluded transmits in hollow fiber 
membrane inside, is removed as filtered water from the filtered 
water outlet. In hollow fiber membrane element this way 
through hollow fiber membrane from application which does 
theprecision filtration and ultrafiltration it covers types * 
application diversity to application whichdoes substance 
migration between application and gas which do substance 
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migrationbetween liquid and gas substance application which . 
does thedialysis and reverse osmosis, in addition not to be 
restricted to substance niigrationbetween liquid. When raw 
water pressure is large usually at time of filtering thehollow 
fiber filtration membrane element filtered water quantity 
becomes large, but with passage of the filtration time 
aforementioned SS component and microparticle etc 
depositing in thefilm surface, multi it grows hoarse and grows 
hoarse little and plugging ofthe hollow fiber membrane occurs, i 
is normal for filtered water quantity per sameprcssure to 
decrease gradually. Depending, plugging of hollow fiber 
membrane advancing, it does washing operation whichbegins 
reverse washing and air scrubbing in suitable time point where 
filtered water quantitydecreases, filtered water quantity of 
hollow fiber membrane it becomes necessary to thelevcl which 
disclose before plugging to recover. 

[0020] As method of use of module which installs hollow fiber : 
Itration membrane element it cannot belimited 7 adjusting to 
desire of user, it can set. As example of operating method, 
while filtered water quantity controlling theoperating method 
and pressure which, change with automatic or manual, with 
pressure asfixed method of maintaining filtered water quantity 
uniformly anddriving. Connecting module to suitable raw wate 
source, both pressure temperature you can list themethod etc 
which it drives to while it is a development 

[0021] As for these inventors, as for result of doing diligent inv 
estigation improvement,and module maintenance property of 
membrane cleaning efficiency with air scrubbing at time 
ofwashing this hollow fiber filtration membrane element, 
concerning method which improves, this invention 
wasdiscovered. 

[0022] If hollow fiber filtration membrane element and module 
of this invention are element for filtrarionwbich uses bundle of 
porous hollow fiber membrane as filter material, you do not 
questionthe form. Concerning geometry of desirable hollow 
fiber filtration membrane element, both ends of bundleof 
multiple hollow fiber membrane seal after doing, it is a structure 
which hollow fiber membrane theopen pore is done with 
adhesive by cutting off one end of this glueingseal, it is normal 
to be stored up in module container inside as element 
instaJledsystem. As for element and container through sealing 
material, to option theelement is removed from inside 
container to be installed as theinstalled me&oo£*ntainer 
embedded type it is desirable it can alsoadopt structure where 
element and container have glued as one unit,but by adhesive 
etc. 

[0023] If it is a hollow fiber membrane of porous as hollow fib* 
r membrane material which forms hollow fiber filtration 
membrane element whichis used for this invention, especially it 
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does not limit, polyethylene , polypropylene , polysulfone , 
polyether sulfone , poly vinyl alcohol , cellulose acetate , the 
polyacrylonitrile and other material can be selected. Among 
these especially as desirable hollow fiber membrane material, 
from aspect whichjias possessed satisfactory mechanical 
strength vis-a-vis air scrubbing hollow fiber membrane which 
consistsof polymer which designates aciylonitrile as one 
component at least issuitable. As most desirable one even in 
aciylonitrile polymer, vinyl compound one, two or more kinds 
which possessesthe copolymerizability aciylonitrile at least vis- 
a-vis 50 rnole% or greater 7 preferably 60 moJe% or greater and 
thesaid acrylonitrile it is a aciylonitrile polymer which consists 
of 50 % or lower and preferably 0 to 40 mole%. In addition, 
these acrylonitrile polymer 2 kinds or more , furthermore it is 
good even with blendof other polymer. As above-mentioned 
vinyl compound, if it is a compound of public knowledge 
whichpossesses copolymerizability vis-a-vis aciylonitrile, it is 
good, especially is notiimited. As desirable copolymer 
component, it is possible to illustrate acrylic acid , the itaconic 
acid , methyl acrylatc , methyl methaciylate , vinyl acetate , 
allyj sulfonic acid soda - and p - sodium styrene sulfonate 
-etc. 

[0024] In addition, those which consist of olefin polymer of et 
hylene propylene or the4 methylpentene or other alone or 2 
kinds or more as next desirable hollow fiber material, possess 
pore ofthe slit of major diameter 0.1 to 10 m and short 
diameter 0.01 to 1.0 m in surface as hollow fiber membrane 
shape aresuitable. 

[0025] 

[Working Example^)] 
Working Example 1 

As hollow fiber membrane element of this invention, both ends 
of hollow fiber membrane which consists ofthe polyacxylooitrik 
porous hollow fiber membrane 20,00 0 of outer diameter 470 
m, internal diameter 350 m and average pore size 0.01 
m with air inlet pipe whichhas air spraying port was locked 
with urethane adhesive, those which hollow fiber membrane 
theopen pore are done were produced by after that cutting off 
theone end of adhesive fixture. Filtration experiment was done 
making use of hollow fiber filtration membrane module which 
storesthis element, to module container of diameter 1 7 cm long 
120 cm. 



[0026] tfjasaTfitttodtfysfcr >\>*~*> a 



[0026] In order to become 8 liter per minute depending upon au 
tomatic adjustment of pressure,you adjusted flow in titration 
with filtration experiment makinguse of raw water which poly 
aluminum chloride (PAC) 5 ppm is added to lake, plugging of 
element occurring, pressure it rises according to theextent and it 
is designed in such a way that specified flow is maintained. In 

P.9 
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addition, cycle that was repeated you wash from reverse washin 
andthe air inlet pipe and module bottom with passed water with 
time point where supply pressurearrives in 1 .0 kgf/cma air 
scrubbing, wastewater after doing, you return to thenormal 
operation. With this experiment passage doing 100 0 hour, it 
could filterfavorably and bottom endplate vicinity of hollow 
fiber bundle interior and hollow fiber bundle there was not athin 
where hollow fiber becomes fixed with deposit. 



CO 0 2 7] 36 



[0027] Working Example 2 

Air spray orifice, like Figure 2 and Figure 3 air inlet pipe othe 
than thingwhich uses hollow fiber membrane element which is 
provided on air dispersion tube which is cormectedverticaJIy, 
experiment which is similar to Working Example I was done. 
With this experiment passage doing 1 00 0 hour in same way as 
thetime of Working Example 1, filtration it was possible 
favorably, althoughaccumulation of soiling to hollow fiber 
membrane bundle of bottom endplate vicinity effect of theair 
dispersion tube depending, it was less than Working Example 1. 



[0 0 2 8] Jt&0M 



[0028] Comparative Example 1 



It made hollow fiber filtration membrane element and raw watei 
and operating condition similar to Working Example, atthe 
time of air scrubbing supplied air in same way as elementof 
conventional from only module bottom, did not supply air from 
theair spraying port of element With time point which 100 0 
hour after start of experiment passage is done, thehollow fiber 
bundle became fixed with hollow fiber membrane bundle inside 
and especially bottom endplate vicinity with thedeposit , it 
understood that effective membrane surface area has decreased. 



[0020] 



[0029] 

[Effects of the Invention] Filter performance recovery with air 
scrubbing due to this invention , in hollow fiber filtration 
membrane element andthe module which filter liquid which 
includes microparticle and thesuspended matter improves 
greatly. Especially when air spraying port in hollow fiber 
membrane bundle with such as air dispersion tube and air 
dispersion plate allotting, effect is large. In addition hollow 
fiber filtration membrane element and module where 
maintenance property improves areofferedL 



[Brief Explanation of the Drawing(s)] 
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[Figure 1] Hollow fiber filtration membrane element which ha« 
this invention element air inlet pipe and air spraying means, is 
longitudinal cross-sectional view of one exampleof module 
which is installed in module container. 
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[Figure 2] Hollow fiber filtration membrane element which ha: 
air dispersion tube of this invention, is lateral cross section of 
one exampleof module which is installed in module container. 

[Figure 3] Hollow fiber filtration membrane element which ha! 
air dispersion tube of this invention, is longitudinal ctqss- 
sectional view of air spraying port vicinityof one example of 
module which is installed in module container. 

[Figure 4] Hollow fiber filtration membrane element which pit 
yides air spraying means for bottom endplate of this invention, 
is thelateral cross section of one example of module which is 
installed in module container. 

(Figure 5] Hollow fiber filtration membrane element which pu 
vides air spraying means for bottom endplate of this invention, 
is thelongitudinai cross-sectional view of air spraying port 
vicinity of one example of module which is installed in the 
module container. 

[Figure 6] Hollow fiber filtration membrane element which ha? 
air dispersion plate of this invention, is lateral cross section of 
one exampleof module which is installed in module container. 

(Figure 7] Hollow fiber filtration membrane element which ha* 
air dispersion plate of this invention, is longitudinal cross- 
sectional view of air spraying port vicinityof one example of 
module which is installed in module container. 

[Figure 8] It is a longitudinal cross-sectional view of one exam 
pie of hollow fiber filtration membrane module which provides 
air spraying means forthe module container bottom of this 
invention. 

(Figure 9] It is a longitudinal cross-sectional view of one exam 
pie which applies this invention to module wherethe element 
which designates hollow fiber membrane as U-shape is installed 
in themodule container. 

(Explanation of Reference Signs in Drawings) 

I: Module container 

2: Hollow fiber membrane element 

1 1 : Raw water supply port 

12: Drain 

13: Air blowing mouth 
14: Passed water mouth 
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15: Air inlet 

16: Module bottom air inlet 

2 1 : Hollow fiber membrane bundle 

22: Bottom endplate 

23: Upper end plate 

24: Air inlet pipe 

25: Air spraying port 

[Figure 2] 



[Figure 3] 

21 
24 

25. 
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